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RQ WKH LQLWLDO JXHVV IXQFWLRQ0RUHRYHU LW LV TXHVWLRQDEOHZKLFKGDWD FDQEH WDNHQ LQ FRQVLGHUDWLRQ IRU WKH
LQLWLDOJXHVVFXUYHLIWKHUHDUHODUJHGLVFUHSDQFLHVEHWZHHQWKHH[LVWLQJUHVXOWVRULIWKHUHLVQRGDWDDWDOO
,Q WKLV VWXG\ ZH SURSRVH D QHZ PHWKRG IRU WKH GHWHUPLQDWLRQ RI WKH JXHVV IXQFWLRQ ZKLFK HQWHUV WKH
XQIROGLQJSURFHGXUH%\WKLVPHWKRGLWLVSRVVLEOHWRREWDLQWKHQHZQHXWURQH[FLWDWLRQIXQFWLRQWKDWZLOOEH









 DQG XVHG LQ WKLV VWXG\ LV EDVHG RQ WKH LUUDGLDWLRQ RI VRPH QXPEHU RI LGHQWLFDO GLVNV FRQWDLQLQJ WKH
VWXGLHGLVRWRSHVLQDVHULHVRIZHOONQRZQEXWGLIIHUHQWDQGHQHUJ\RYHUODSSLQJQHXWURQILHOGV7KHJDPPD
DFWLYLW\ LQ WKH GLVNV LQGXFHG E\ WKH GLIIHUHQW QHXWURQ ILHOGV ZHUH PHDVXUHG E\ PHDQV RI KLJKUHVROXWLRQ
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ZKHUH NL) DUHWKHYDOXHVRIQHXWURQIOX[HVIRUGLIIHUHQWHQHUJ\(LLQWKHFDVHRILUUDGLDWLRQRIGLVNN LV DUH
WKHYDOXHVRIWKHQHXWURQH[FLWDWLRQIXQFWLRQZKLFKFRUUHVSRQGWRWKHHQHUJ\(LPLVWKHQXPEHURILUUDGLDWHG
LGHQWLFDOGLVNVDQGF LV WKHQXPEHURIELQV LQ WKHQHXWURQ VSHFWUDDQG WKHH[FLWDWLRQ IXQFWLRQFXUYH ,Q WKLV
VWXG\WKHIROORZLQJYDOXHVZHUHXVHG  P DQG  F 
7KHV\VWHPRIHTXDWLRQVLVXQGHWHUPLQHGZLWKDQLQILQLWHQXPEHURIVROXWLRQVPF+RZHYHULWLV
SRVVLEOH WR REWDLQ WKH LV YDOXHV ZKHQ WKH YDOXHV NL) DUH ZHOO NQRZQ E\ WKH PHDVXUHPHQW RI&N XVLQJ D
WHFKQLTXH IRU WKH IHZ FKDQQHO VSHFWUXP XQIROGLQJ ,Q WKLV ZRUN WKH PD[LPXP HQWURS\ FRGH0$;(' LV
DSSOLHG IRU WKLVSXUSRVH 5HJLQDWWRHW DO7KH0$;('FRGH VWDUWVZLWKD JXHVVH[FLWDWLRQ IXQFWLRQ




WKLV SUREOHPZHPDGH VHYHUDO VLPSOH DSSUR[LPDWLRQV E\ZKLFKZH WUDQVIRUP WKH XQGHWHUPLQHG V\VWHPRI






















































%DVHGRQWKHDERYHH[SUHVVLRQZHFDQFDOFXODWHWKHDYHUDJHQHXWURQHQHUJ\ N( ZKLFKFRUUHVSRQGVWRWKHDYHUDJHYDOXHVRIWKHFURVVVHFWLRQV NV 7KHSHUIRUPHGDQDO\VLVVKRZVWKDWWKHDSSUR[LPDWLRQPDGHLQHT  JLYHVYDOXDEOH UHVXOWV GXH WR WKH VSHFLILF DQG HQHUJ\ZHOO GHILQHGQHXWURQ IOXHQFH7KHNYDOXHVRI
NV IURPHTZKLFKFRUUHVSRQGWRWKHNHQHUJ\YDOXHV N( IURPHTDUHXVHGDVDVWDUWLQJSRLQWIRUREWDLQLQJWKHGHIDXOWJXHVVIXQFWLRQ7KHQH[WVWHSLQWKLVSURFHGXUHLVWKHOLQHDULQWHUSRODWLRQRIWKHHQHUJ\







IXQFWLRQ RI WKH ,QQQ
P,Q DQG ,QQQ
P,Q UHDFWLRQV +RZHYHU LQVWHDG RI ILWWLQJ WKH H[LVWLQJ
H[SHULPHQWDOGDWDDVLWZDVGRQHLQ/|YHVWDPHWDOZHGHILQHGWKHGHIDXOWQHXWURQH[FLWDWLRQIXQFWLRQ
E\ WKH QHZ PHWKRG GHVFULEHG DERYH ,Q WKLV ZD\ ZH FDQ SURYH WKH DSSOLFDELOLW\ RI RXU QHZ PHWKRG E\
FRPSDULQJWKHUHVXOWVRIWKHWZRDSSURDFKHVWRWKHXQIROGLQJSURFHGXUHRQWKHVDPHGDWDVHW
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7KH YHU\ LPSRUWDQW SDUW RI WKLVPHWKRG LV WKH JHQHUDWLQJ RI DZHOOFKDUDFWHUL]HG QHXWURQ ILHOG IRU WKH GLVN
LUUDGLDWLRQ7KHQHXWURQ VSHFWUDVKRXOGEHRIGLIIHUHQWVKDSHRYHUODSSLQJDQGFRYHULQJ WKHHQHUJ\UDQJHRI
LQWHUHVWLQRUGHUWRREWDLQWKHQHXWURQH[FLWDWLRQIXQFWLRQ7KHVHVSHFWUDZHUHREWDLQHGE\DFRQWUROOHGHQHUJ\
GLVWRUWLRQ RI D ZHOONQRZQ TXDVLPRQRHQHUJHWLF QHXWURQ ILHOG JHQHUDWHG E\ DQ HOHFWURVWDWLF LRQ EHDP
DFFHOHUDWRUXVLQJWKH+GQ+HDQG+GQ+HQXFOHDUUHDFWLRQV
7KH JDPPDUD\PHDVXUHPHQWV RI WKH QHXWURQLQGXFHG DFWLYLWLHV ZHUH FDUULHG RXW XVLQJ ORZEDFNJURXQG
KLJKSXULW\ JHUPDQLXP GHWHFWRUV  )URP WKH QXPEHU RI QHW FRXQWV LQ WKH SHDN RI LQWHUHVW1 WKH VSHFLILF
DFWLYLW\SHUDWRPRIWKHDFWLYDWHGWDUJHWLVRWRSHV&ZDVFDOFXODWHGDV
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FURVVVHFWLRQV NV ZHUH GHWHUPLQHG 7KHUHIRUH QLQH YDOXHV RI WKH QHXWURQ H[FLWDWLRQ IXQFWLRQ IRU WKH,QQQ
P,Q UHDFWLRQ DQG  YDOXHV IRU WKH ,QQQ




7KH GHSHQGHQFH RI NV RQ N( ZDV OLQHDUO\ LQWHUSRODWHG EHWZHHQ HDFK WZR DGMDFHQW H[SHULPHQWDOYDOXHV7KHUHVXOWVRIWKHOLQHDUO\LQWHUSRODWLRQZHUHFDOFXODWHGLQWKHHQHUJ\UDQJHEHWZHHQWKHPLQLPXPDQG
WKHPD[LPXPYDOXHVRI N( E\WKHELQZLGWKVRIǻ(Q 0H9)LJ,Q)LJDUHDOVRSUHVHQWHGWKHXQFHUWDLQW\LQWHUYDOVIRUWKHGHWHUPLQHGGHIDXOWIXQFWLRQV7KHVHLQWHUYDOVDUHREWDLQHGDVDVXPRIWKHVTXDUH
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,Q WKLV ZRUN ZH LQYHVWLJDWHG D QHZ DSSURDFK IRU REWDLQLQJ WKH JXHVV GHIDXOW IXQFWLRQ IRU WKH
XQIROGLQJSURFHGXUH:LWKLQ WKLV DSSURDFKZH WUDQVIRUPHG DQXQGHUGHWHUPLQHG V\VWHPRI HTXDWLRQV LQWR D
V\PPHWULFGHWHUPLQHGV\VWHPRIHTXDWLRQVZKHUHWKHQXPEHURIHTXDWLRQVLVGHWHUPLQHGE\WKHQXPEHUVRI
PHDVXUHGGLVNV7KLVLVSRVVLEOHZKHQHDFKQHXWURQILHOGKDVDEURDGHQHUJ\UDQJHZLWKVXIILFLHQWRYHUODS




WKDW WKLV DSSURDFK FDQSURYLGH UHOLDEOH LQSXW GDWDZLWKRXW WDNLQJ LQWR DFFRXQW DV DSULRUL LQIRUPDWLRQRWKHU
H[LVWLQJH[SHULPHQWDOUHVXOWVIRUFRQVWUXFWLQJWKHGHIDXOWIXQFWLRQ,QWKLVZD\WKH,500PHWKRGWRPHDVXUH
QHXWURQ H[FLWDWLRQ IXQFWLRQV FDQ EH DSSOLHG ZKHQ WKH H[LVWLQJ H[SHULPHQWDO GDWD DQGRU WKHRUHWLFDO
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